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WR QHZ V\VWHP IXQFWLRQDOLW\ DQG FKDQJH FDSDFLW\ LQ RUGHU WR
LQWURGXFHQHZSURGXFWVDQGUDPSLQJXSSURGXFWLRQHIILFLHQWO\
EHFRPHVLPSRUWDQWSUHUHTXLVLWHV WRFRPSHWH>@&UHDWLQJWKH
EDVLV IRU LQFUHDVLQJ WKH UHXVH DQG UHXVDELOLW\ RI WKH
PDQXIDFWXULQJ V\VWHP WKHQ EHFRPHV FULWLFDO VLQFH VXFK
FDSDELOLWLHVZRXOGPLQLPL]H WKHFRVWDQGRU LQYHVWPHQWV WKDW
WUDGLWLRQDOO\ IROORZV 13, SURMHFWV DQGRU JHQHUDOO\ KDQGOLQJ
SURGXFWYDULHW\
7UDGLWLRQDOO\ PDQXIDFWXULQJ V\VWHPV DV WKH )OH[LEOH
0DQXIDFWLUQJ6\VWHP)06DQGWKH'HGLFDWHG0DQXIDFWXULQJ
6\VWHP'06LVXQVXLWDEOHWRPHHWWKHUHTXLUHPHQWVLPSRVHG
E\ WKH JOREDO FRPSHWLWLYH PDUNHW 7KRXJK WKH )06 HQDEOHV
KLJKIOH[LELOLW\ZLWKLWVJHQHUDOSXUSRVHPDFKLQHVLWFRPELQHV
ORZWKURXJKSXWZLWKKLJKHTXLSPHQWFRVWZKLFKPDNHVWKHFRVW
SHU SDUW UHODWLYHO\ KLJK >@ /LNHZLVH WKH '06 KDV LWV
ERXQGDULHVVLQFHVXFKV\VWHPVQHHGVWRRSHUDWHDWKLJKFDSDFLW\
WR EH FRVW HIIHFWLYH >@$ FRVW HIIHFWLYH UHVSRQVH WRPDUNHW
FKDQJHVLVWKH5HFRQILJXUDEOH0DQXIDFWXULQJ6\VWHP506
ZKLFK FRPELQHV WKH KLJK WKURXJKSXW RI '06 ZLWK WKH
IOH[LELOLW\ RI )06 DQG LV FDSDEOH RI UDSLGO\ DGDSW WR QHZ
IXQFWLRQDOLW\DQGFKDQJHWKHV\VWHPFDSDFLW\>@
7R DFFRPSOLVK WKH FKDQJHDELOLW\ RI D UHFRQILJXUDEOH
PDQXIDFWXULQJ V\VWHP RQH LPSRUWDQW HQDEOHU LV SURFHVV




GHYHORSPHQW SXUSRVHV 3URGXFW IDPLO\ DUFKLWHFWXUHV
LQWHJUDWLQJSURGXFWPRGXOHVDQGSURGXFWSODWIRUPVDUHDSSOLHG
IRU SURGXFW YDULDQWV SODQQLQJ SXUSRVHV >@ 7KH DLP LV WR
DFKLHYH HFRQRP\ RI VFRSH E\ GHOD\LQJ SURGXFW YDULHW\
GLIIHUHQWLDWLRQ FDSLWDOL]LQJ RQ FRPPRQDOLW\ >@ DQG LV
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PRWLYDWHGE\DQHFRQRPLFEHQHILW WKDW KDYHEHHQNQRZQIRU
VHYHUDOGHFDGHV>@7KHVHFRQFHSWVRIPRGXODULW\DQGSODWIRUP
DUFKLWHFWXUHVKDVEHHQ DGRSWHG IRUPDQXIDFWXULQJ V\VWHPV WR
FRSHZLWKFKDQJHDQGYDULHW\LQFXUUHQWDQGIXWXUHJHQHUDWLRQV
RI SURGXFWV DQG WKHUHE\ WR EXLOG DGDSWDELOLW\ LQWR WKH
PDQXIDFWXULQJV\VWHP
,W LV JHQHUDOO\ DFFHSWHG WKDW SURGXFWV DQG PDQXIDFWXULQJ
V\VWHPVKDVWREHFRGHYHORSHGVRWKDWWKHSURGXFWLRQV\VWHP
VXSSRUWVERWKWKHPRGXODUSURGXFWVWUXFWXUHDQGWKHSURGXFWLRQ
SODWIRUPV KRZHYHU WKH UHDOL]DWLRQ LV QRW VWUDLJKWIRUZDUG DQG
XQFRPSOLFDWHG 6XFK LQWHJUDWHG SODWIRUP GHYHORSPHQW
DSSURDFKHV > @ H[HPSOLILHV DWWHPSWV WR UHDOL]H KROLVWLF
SODWIRUP VWUDWHJLHV FUHDWLQJ SUDFWLFDO DSSURDFKHV WR DFKLHYH
SURGXFWDQGSURGXFWLRQGHVLJQV>@)RULQVWDQFH0LFKDHOLV>@
LQWURGXFHV WKH WHUP 3ODWIRUPEDVHG &RGHYHORSPHQW RI
3URGXFW DQG 3URGXFWLRQ 6\VWHPV VLPLODU WR UHVHDUFK RQ &R
HYROXWLRQ RI 3URGXFW 3URFHVV DQG 3URGXFWLRQ 6\VWHPV >
@7KHODWWHUDOVRXVHVWKHWHUP3URFHVV3ODWIRUPVDQGFDQEH






WKDW PHWKRGV LQWURGXFHG DV JHQHULF SURGXFW PRGXODUL]DWLRQ






DVPRGXODU GULYHUV >@$VPHQWLRQHG LQ%UXQRH HW DO >@
FRQVLGHULQJ VXFK FULWHULD LV RI SDUDPRXQW LPSRUWDQFH ZKHQ
PRGXODUL]LQJDSURGXFWLRQV\VWHPRUHVWDEOLVKLQJDSURGXFWLRQ





EH DSSOLHG RQ YDULHVPDQXIDFWXULQJ V\VWHP OHYHOV+RZHYHU





PRGXODU VWUXFWXUH DQG WKH XOWLPDWH JRDO RI SURFHVVLQJ D
FRPSRQHQWEDVHG'60LV WR FOXVWHU V\VWHPFRPSRQHQWV LQWR
PRGXOHV>@+RZHYHURSWLPL]LQJWKHVHFOXVWHUVLVHLWKHU
FRQVWUDLQHGE\DSUHGHWHUPLQHGQXPEHURIFOXVWHUVQXPEHURI
FRPSRQHQWV SHU FOXVWHU RU JHRPHWULF SURSHUWLHV >@ 7KXV
'60VGRHVQRWSURYLGHWKHLQIRUPDWLRQRIKRZWKRVHFOXVWHUV
DUH DUUDQJHG ZLWK UHVSHFW WR HDFK RWKHU LQ WKH V\VWHP
DUFKLWHFWXUH 7R DFFRPPRGDWH WKLV $O*HGGDZ\ DQG
(O0DUDJK\ >@ LQWURGXFHG &ODGLVWLFV ZLWK WKH SXUSRVH RI
JURXSLQJ FRPSRQHQWV LQWR FOXVWHUV DQG WR HVWDEOLVK D
KLHUDUFKLFDOVWUXFWXUHUHODWLQJWKHVHFRPSRQHQWVDQGWKHUHE\WR
LGHQWLI\WKHRSWLPDOJUDQXODULW\OHYHO7KXV&ODGLVWLFVLVDOVR
DQ DWWHPSW WR RSWLPL]H FRPSRQHQW FOXVWHUV ZLWKLQ D V\VWHP
DUFKLWHFWXUH
$SSO\LQJ PRGXODU GULYHUV RSWLPL]LQJ FOXVWHUV RI
FRPSRQHQWVZLWKLQWKHV\VWHPDUFKLWHFWXUHLVQRWDVXEVWLWXWHWR
'60DQG WKH&ODGLVWLFV DQDO\VLV EXW UDWKHU D VXSSOHPHQWDU\
GHFLVLRQWRRO
7KXVWKHUHVHDUFKTXHVWLRQLVDVIROORZV+RZFDQPRGXOH
GULYHUV EH DSSOLHG WR GHVLJQ PRGXODU PDQXIDFWXULQJ
HTXLSPHQW"
2. Methodology 
7KLV SDSHU SUHVHQWV D PHWKRGRORJ\ IRU PRGXODUL]LQJ WKH
GHVLJQ RI D YDULHW\ RI PDQXIDFWXULQJ HTXLSPHQW 7KH
PHWKRGRORJ\LVFDUULHGRXWRQDQLQGXVWULDOH[DPSOHZLWKWKH
SXUSRVH RIPDNLQJ WKH IL[WXUHVPRUH YDULDQWRULHQWHG DQG WR
LPSURYH WKH GHVLJQ RI D FDSLWDO LQWHQVLYH SURFHVV E\
VWDQGDUGL]LQJPRGXOHV7KHPHWKRGLVFDUULHGRXWEDVHGRQVL[
GLIIHUHQWZHOGLQJIL[WXUHVFDSDEOHRIKDQGOLQJGLIIHUHQWVXE
DVVHPEOLHV LQ D WDFN ZHOGLQJ SURFHVV 7KH LPPHGLDWH
PRWLYDWLRQWRLPSOHPHQWPRGXODULW\DFURVVWKHVHIL[WXUHVLVWKH
LQIOXHQFHRIHTXLSPHQWYDULHW\RQWLPHDQGUHVRXUFHXVDJHLQ
WHUPV RI  FKDQJHRYHUV DQG UHWULHYLQJ RI HTXLSPHQW 
VWRULQJFDSDFLW\13,LQFOXGLQJGHVLJQPDQXIDFWXULQJDQG
LQVWDOOLQJ HTXLSPHQW DQG  (TXLSPHQW LQYHVWPHQWV
7KHUHIRUH WKH H[LVWLQJGHGLFDWHG IL[WXUHV LV FRQYHUWHG LQWR D
PRGXODUV\VWHPWKDWFDQTXLFNO\FKDQJHIXQFWLRQDOLW\LHEH
UHFRQILJXUHGE\FKDQJLQJPRGXOHVWRDFFRPPRGDWHDYDULHW\
RI SURGXFW SDUWV LQVWHDG RI FKDQJLQJ WKH HQWLUH IL[WXUH 7KH
REMHFWLYHRIWKHPHWKRGRORJ\LVWRGHULYHDQGFRQYHUWIL[WXUH
IXQFWLRQV LQWRDQXPEHURI VWURQJO\FRQQHFWHGPRGXOHV VXFK
WKDW RQH RUPRUH RI WKHP FDQ EH FKDQJHGZKHQ QHHGHG %\
PDSSLQJ IXQFWLRQV DFURVV DOO IL[WXUHV FKDQJH RI PRGXOHV WR
DFFRPPRGDWH SDUW FKDQJHV DUH PLQLPL]HG EHFDXVH PRGXOHV
WKDW UHPDLQ XQFKDQJHG DQG PRGXOHV WKDW PLJKW FKDQJH LV
LGHQWLILHG




PRGXODU DQG SODWIRUPEDVHG SURGXFWLRQ V\VWHP DUFKLWHFWXUHV
>@+RZHYHUHVSHFLDOO\ WKH0RGXODU)XQFWLRQ'HSOR\PHQW
PHWKRGE\(ULFVVRQDQG(UL[RQ>@KDVEHHQDJUHDWVRXUFHRI








FDSLWDOL]H RQ FRPPRQDOLW\ DFURVV SDUWVSURGXFWV DQG
PDQXIDFWXULQJ HTXLSPHQW 5HXVH DQG UHXVHDELOLW\ LV WKH
IRXQGDWLRQ RI KDQGOLQJ YDULHW\ DQG DV SDUWVSURGXFWV HYROYH
RYHUWLPHWKHERXQGDULHVRISDUWSURGXFWIDPLOLHVLVDIIHFWHGDV
ZHOOZK\FRGHYHORSPHQWFRQVLGHUDWLRQVRISURGXFWYDULDQWV
DQG WKHLU PDQXIDFWXULQJ V\VWHP LV RI FUXFLDO LPSRUWDQFH
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VFRSLQJWKHGRPDLQIRUFKDQJHDEOHPDQXIDFWXULQJHTXLSPHQW
)XUWKHUPRUH WKH LQYHVWPHQW FRVW VKRXOG DOVR EH FRQVLGHUHG
ZKHQGHFLGLQJWKHUDQJHRISDUWVWKHHTXLSPHQWLQIRFXVVKRXOG
EHDEOHWRKDQGOH7KXVGLIIHUHQWSRVVLEOHVROXWLRQLHOHYHOV
RI IOH[LELOLW\ DQG LQYHVWPHQW FRVW FDOOV IRU FRQVLGHULQJ WKH
WUDGHRII EHWZHHQ IOH[LELOLW\UHFRQILJXUDELOLW\ DQG WKH
LQYHVWPHQW
7KHGRPDLQDQDO\VLVZLOOKDYHDVWURQJLQIOXHQFHRQWKH
DPRXQW RI IXQFWLRQDOLW\ WKDW QHHGV WR EH WUDQVIHUUHG LQWR WKH
IXWXUH VROXWLRQ )RFXVLQJ RQ IXQFWLRQV RSHQV IRU D PRUH
WHFKQLFDOYLHZZKLFKLVQHHGHGWRSURFHHGZLWKWKHGHVLJQ%\
DQDO\]LQJ HYHU\ WDVN WKURXJKRXW WKH SURFHVV IRU HYHU\
SDUWSURGXFWZLWKLQWKHVFRSHLWLVSRVVLEOHWRGHULYHDSSOLHG
IXQFWLRQV DQG WKH PHDQV WR UHDOL]H WKHVH IXQFWLRQV 7KH
RXWFRPHLVDVHWRIPHDQVWKDWFDQEHWUDQVODWHGLQWRDVHWRI
JHQHULFPRGXOHV
+RZHYHU LW VKRXOGEH DVVHVVHGZKHWKHU WKH WHPSRUDU\
JURXSLQJRIJHQHULFIXQFWLRQVLHLQLWLDOO\DVVXPHGPRGXOHV
VKRXOGEHEDVLV IRU IXWXUHPRGXOHV7KH UHDVRQV IRU IRUPLQJ
PRGXOHVZLOOLQWKLVVWHSEHDVVHVHGEDVHGRQDVHWRIFULWHULD





E\PHDQVRISDWWHUQUHFRJQLWLRQ LQ WKHPDWUL[  EDVHGRQ WKH
UHODWLRQEHWZHHQWKHJHQHULFIXQFWLRQVDQGWKHPRGXOHGULYHUV





ZKLFK GLIIHUV RQ D QXPEHU RI SURGXFW DQG SURGXFWLRQ




FKDUDFWHULVWLFV WKH\ HQGHG XS EHLQJ GLYLGHG LQWR IRXU SDUW
GRPDLQV  7KH FKDUDFWHULVWLFV RI WKH GRPDLQ DSSOLHG IRU WKLV
H[DPSOHLVLOOXVWUDWHGLQ)LJXUH7KHFKDUDFWHULVWLFVDSSOLHG
LQ WKLV H[DPSOH DULVHV RXW RI VHYHUDO LQYHVWLJDWLRQV DQG
LQWHUYLHZV WU\LQJ WR LGHQWLI\ ZKLFK FKDUDFWHULVWLFV WKDW LV
LPSRUWDQWWRFDSLWDOL]HRQFRPPRQDOLW\DQGVWDQGDUGL]HDFURVV
DPXFKODUJHUSDUWYDULHW\7KHQDWXUHRIWKHSDUWVLQFOXGHGLV









3DUW  ; ; ;    ;  
3DUW ; ; ; ; ; ; ; ;  
3DUW ; ; ; ;  ;  ;  
3DUW ; ; ; ; ; ;  ; ; ;
3DUW  ; ; ; ; ;  ; ; ;
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WHUPV RI SODWIRUPV SUHSDUHG IRU IXWXUH SDUW LQWURGXFWLRQV
7KHUHIRUHWKHSDUDPHWHUVWKDWWKHGHULYHGIXQFWLRQVLVYDU\LQJ
DFURVV RSHQV IRU WKH HYDOXDWLRQ RI ZKHUH RU ZKHWKHU H[WUD






KDYH EHHQ WUDQVODWHG LQWR D QXPEHU RI JHQHULF PHDQV WKDW
UHDOL]HV WKH IXQFWLRQV ,JQRULQJ WKH VHTXHQFH RI SURFHVV
DFWLYLWLHVDQGIRFXVRQWKHUHODWLRQEHWZHHQJHQHULFIXQFWLRQV





DSSOLHG DQG DQ DSSURSULDWH JUDQXODULW\ OHYHO IRU
UHFRQILJXUDWLRQVVKRXOGEHDVVHVVHG+RZHYHUIXQFWLRQVWKDWLV
OHVV UHSUHVHQWDWLYH PLJKW FDOO IRU LQWHJUDWLRQ ZKLW RWKHU
PRGXOHV RU D UHFRQILJXUDEOH VROXWLRQ &XUUHQW PRGXOHV LV
LOOXVWUDWHGLQ)LJXUH+RZHYHUVRPHPRGXOHVLVQRWGLUHFWO\
LQWHUIDFLQJ ZLWK WKH SURGXFW DQG KDYH WKHUHIRUH QRW EHHQ
GHULYHGIURPWKHLQLWLDODQDO\VLVOLNHWKHUHVWRIWKHIXQFWLRQV









UHVXOW LV ILYH FOXVWHUV ZLWK XQLTXH FRPELQDWLRQV RI DVVLJQHG
YDOXHV UHSUHVHQWLQJ WKH LPSRUWDQFHRI HDFKPRGXOHGULYHU WR
HDFKRIWKHFXUUHQWPRGXOHV7KLVLPSOLHVWKDWDIXWXUHIL[WXUH
VROXWLRQ VKRXOG FRQVLVW RI ILYH PRGXOHV 7R VXSSRUW WKLV D
ELQDU\ UHSUHVHQWDWLRQ RI IXQFWLRQDO UHODWLRQV EHWZHHQ FXUUHQW
PRGXOHV LVFDUULHGRXWZKLFK LV LOOXVWUDWHG LQ7DEOH6LQFH
IXQFWLRQDO LQGHSHQGHQFH LV D ZDQWHG IHDWXUH LQ D PRGXODU




(DFKRI WKH IXWXUHPRGXOHV LOOXVWUDWHG LQ )LJXUH  LV GHULYHG
EDVHGRQGLIIHUHQWFRPELQDWLRQVRIGULYHUV7KHERG\PRGXOH
LV FKDUDFWHUL]HG E\ LWV KLJK SRWHQWLDO IRU VWDQGDUGL]DWLRQ
EHFDXVHRILWVUDWKHUORZIXQFWLRQDOLW\)XUWKHUPRUHWKHERG\
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PRGXOHZLOOLPSO\DVVHVVLQJKRZWKLVPRGXOHFDQEHLQWHJUDWHG
LQ WKH PDQXIDFWXULQJ HTXLSPHQW RI WKH FXVWRPHU SURFHVV
5HJDUGLQJPRGXOH LH RWKHU VXSSRUW LW LV H[SHFWHG WKDW D
OD\RXW RSWLPL]DWLRQ RI WKH PDQLSXODWRUV ZLOO SURYLGH WKH
RSSRUWXQLW\ WR GHVLJQ D IOH[LEOH VROXWLRQ DEOH WR KDQGOH
H[SHFWHGYDULHW\%DVHGRQWKHGHVLJQRIWKHSDUWVDVVHPEOHGLQ
WKH IL[WXUH WKH HQG VWRS PRGXOH FDOOV IRU D UHFRQILJXUDEOH
VROXWLRQ VLQFH QRW DOO QHFHVVDU\ IXQFWLRQDOLW\ FDQ EH
LPSOHPHQWHG LQ RQH VLQJOH PRGXOH HYHQ ZLWK IXUWKHU
PRGXODUL]DWLRQ




IXQFWLRQV PRGXOH GULYHUV ZDV DSSOLHG WR PRGXODUL]H WKHVH
IXQFWLRQ7KHPHWKRGRORJ\LVIRXQGWREHXVHIXOWRVWDQGDUGL]H
DFURVVDGRPDLQZLWK WKHSXUSRVHRIPRGXODUL]LQJ LQWHJUDWHG
IL[WXULQJ V\VWHPV7KHPHWKRGRORJ\ZDV DSSOLHG WRGHVLJQ D
QHZPRGXODUFRQFHSWIRUDIL[WXULQJV\VWHPWKDWFRXOGUHSODFH
FXUUHQW IL[WXUHV WR FDSLWDOL]H RQ FRPPRQDOLW\ 7KXV D QHZ
V\VWHPDUFKLWHFWXUHKDVEHHQSURYLGHGZKLFKFDQDGDSWWRQHZ
IXQFWLRQDOLW\ E\ FKDQJLQJ RQH RU IHZ PRGXOHV LQVWHDG RI
UHSODFLQJWKHHQWLUHIL[WXUH
$SSO\LQJ PRGXODU GULYHUV RSWLPL]LQJ FOXVWHUV RI
FRPSRQHQWVZLWKLQWKHV\VWHPDUFKLWHFWXUHLVQRWDVXEVWLWXWHWR
'60 DQG WKH &ODGLVWLFV DQDO\VLV SUHYLRXV DSSOLHG IRU
PRGXODUL]LQJ PDQXIDFWXULQJ HTXLSPHQW EXW UDWKHU D
VXSSOHPHQWDU\GHFLVLRQWRRO7KLVPHWKRGRORJ\GRHVQRWGHILQH
RQZKLFKJUDQXODULW\ OHYHOWRUHFRQILJXUHXSRQ+RZHYHUE\
SULRULWL]LQJ HDFKRI WKHPRGXOHGULYHUVZLWKLQ HDFKSRWHQWLDO
IXWXUHPRGXOHVLVDPHDQVWRHYDOXDWHZKDWLVPRVWEHQHILFLDO
IRUWKHPRGXODUL]DWLRQLQHDFKFDVH
3URGXFW YDULHW\ FDOOV IRU VWUDWHJLHV WR FRSH ZLWK UHODWHG
FKDOOHQJHVE\ UHGXFLQJ LWV HIIHFWV DQGPD[LPL]H LWV EHQHILWV
0RGXODU DQG FKDQJHDEOH VROXWLRQV DUH LPSRUWDQW LQ RUGHU WR
UDSLGO\ DGDSW WR WKH IXQFWLRQDOLW\ QHHGHG ZKHQ QHHGHG 7KH
LQWURGXFHG PHWKRGRORJ\ H[HPSOLILHV E\ XVH RI D FDVH WKH
EHQHILWVRIPRGXODUL]DWLRQRIPDQXIDFWXULQJHTXLSPHQW
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